A study was conducted to evaluate the role of salicylic acid (SA; 0, 0.5 and 0.75 mM) on the growth and activity of antioxidant enzymes and biochemical attributes in wheat (Triticum aestivum L.cv. Sods 1) under salinity stress. Salinity exposure (0, 25, 75 and 125 mM NaCl) reduced growth of wheat significantly by reducing the fresh and dry weight of shoot and root, leaf development and inducing necrosis on old leaves. Lipid peroxidation and production of hydrogen peroxide (H2O2) increased by 3.37 fold and 2.54 fold, respectively, while membrane stability declined with 125 mM NaCl concentration which were however, ameliorated by the application of SA. Under normal conditions, application of SA (0.5 mM) improved growth significantly compared to the untreated controls. Salinity (125 mM) stress enhanced the accumulation of proline (4.63 fold), carbohydrates (39.61%), free amino acids (9.44) and protein content (7.91%) which were further stimulated by application of SA leading to better stress adaptation. Application of SA to salinity stressed upregulated the activity of antioxidant enzymes like SOD, CAT and APX by 1.76 fold, 2.25 fold and 2.22 fold, respectively leading to better elimination of reactive oxygen species and protection against oxidative stress. Moreover, excess uptake of Na in salinity stressed plants reduced the uptake of K + and initiated leaf necrosis. However, application of SA mitigated these negative effects to considerable extent. In conclusion, salinity stress adversely affected the growth and development of wheat plants. However, supplementation of proper dosage of SA mitigated these negative effects of salinity through the modulation of the levels of osmolytes, activities of antioxidant enzymes and uptake of essential elements.
Introduction
Plant growth and development is affected by high salt concentrations in soils which ultimately cause threat to food production globally (Ashraf & Foolad, 2007) . Approximately 5% of arable land is adversely affected by high salt concentrations posing threat to global food security (Ghassemi et al., 1995) . Iqbal et al., (2018) described the impacts of salinity stress on numerous characteristics of wheat crop including morphological, physiological, biochemical, molecular and anatomical aspects. The problems experienced by higher plants owing to salt stress result from osmotic stress and ionic stress resulting from high concentrations of toxic ions exceeding the threshold to which most plants are adapted. Ahmad et al., (2017) also reported reduced growth, decrease in pigment content and uptake of essential elements in Pisum sativum under NaCl stress. Reduction in pigment synthesis and alteration in nutrition assimilation under salt stress directly affects photosynthetic efficiency, plant-water status, enzyme activities and synthesis of proteins and carbohydrates and the stability of cell membranes (Alamgir et al., 2008; Türkan & Demiral, 2009; Alzahrani et al., 2019) . Generation of reactive oxygen species (ROSs) in plants is also the outcome of salinity stress (Ahmad et al., 2014; Ahmad et al., 2015; Ahmad et al., 2016; Ahmad et al., 2017; Ahmad et al., 2018b) . ROS causes oxidative damage because of their high affinity to react with biomolecules like DNA, RNA, proteins, lipid membranes etc and alter their structural and functional ability (Heidari & Golpayegani, 2012) . Plants growing in saline environments have various strategies at both the wholeplant and cellular levels allowing them to overcome salinity stress. Osmotic stress is regulated by the enhanced levels of osmolytes like proline, protein, carbohydrates and amino acids (Ahmad et al., 2014; Ahmad et al., 2015; Ahmad et al., 2016; Ahmad et al., 2017; Ahmad et al., 2018b) . The oxidative stress is managed by the regulation of antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) etc (Eyidogan & Öz, 2007) .
Higher plants have evolved multiple genetically and physiologically complex strategies and mechanisms, affecting numerous plant processes at all levels of plant cells, to prevent Na + compartmentalization in leaf cells as well as to overcome the dominating and persistent osmotic stress (Schubert et al., 2009) . Since Na + translocation to the shoot occurs via the xylem, driven by transpiration, the main site for Na + toxicity in most plants is the shoot and its exclusion from the shoot grant salt tolerance in plants (Munns & Tester, 2008) .
Alleviation of abiotic stress by the application of salicylic acid (SA) has been reported by many workers Ahmad et al., 2018b) . Ma et al., (2017) reported that the exogenous SA effectively improved the growth, photosynthesis, antioxidant enzyme activity, stoma and chloroplast development of D. superbus. Salicylic acid activates carotenoid synthesis and enhances the rate of de-epoxidation in wheat under salt stress (Moharekar et al., 2003) . Earlier it has been evidenced that SA strengthens antioxidant system in Brassica juncea (Yusuf et al., 2008) .Wheat is an important cereal crop in many parts of the world. Around 36% population of the world uses wheat as staple food as it contains 55% carbohydrates (Hasanuzzaman et al., 2017) . Wheat is often susceptible to salt stress due to which its yearly production is decreasing (Ashraf & Foolad, 2007) . Plant scientists are searching for some sustainable approaches that could escalate the production in salt affected soils. Phytohormones (SA) could be one of the approaches that will suffice the need and has been reported earlier also (Ahmad et al., 2018a; Bali et al., 2018; Mir et al., 2018) . Thus, the present study was designed to evaluate the effect of different concentrations of NaCl on growth and biomass yield, osmolytes, activity of enzymatic antioxidants and mineral uptake. Also the role of SA in alleviating the NaCl toxicity through the modifications of above key parameters in wheat plants is also ascertained.
Materials and Methods
Growth experiment: Sterilized seeds of wheat (Triticum aestivum L. cv. Sids1) were sown in 30 cm diameter plastic pots containing clay soil and were maintained in a greenhouse under natural conditions. All pots were irrigated with double distilled water (DDW) until the appearance of the fourth true leaves. Thereafter plants were treated with different salinity levels (0, 25, 75, and 125 mM NaCl), with and without salicylic acid (SA) with different concentrations (0, 0.5 and 0.75 mM). SA was exogenously sprayed at the rate of 20 ml per pot and the control plants were provided DDW only with same quantity. After 27 days of growth plants were uprooted and weighed for fresh and dry weight. For dry weight plant material was kept in oven at 105°C for 24 hours.
Estimation of free proline, free amino acids, carbohydrates and total protein: The method of Bates et al., (1973) was employed for the estimation of proline content.
Free amino acid levels were determined according to method of Moore & Stein (1948) .
The anthrone-sulfuric acid method of Fales (1951) and Schlegel (1956) was used for determining carbohydrate content. A calibration curve using pure glucose was developed and expressed as mg glucose g -1 DW. The method of Lowry et al., (1951) was used for the estimation of total protein.
Estimation of hydrogen peroxide (H2O2), Lipid peroxidation (MDA) and Electrolyte leakage (EL):
The method of Mukherjee & Choudhuri (1983) was used for the estimation of H2O2 and Rao & Sresty (2000) for malondialdehyde (MDA) content. The protocol of Dionisio-Sese & Tobita (1998) was used for determination of electrolyte leakage.
Assay of antioxidants
A leaf sample of 5 mg was homogenized in 100 mM Tris-HCl (pH 7.5) containing DTT (5 mM), MgCl2 (10 mM), EDTA (1 mM), magnesium acetate (5 mM), PVP-40 (1.5 %), PMSF (1 mM) and aproptinin (1 μg mL -1 ). The material after crushing was allowed to pass through thin cloth and then centrifuged at 4 o C at 10,000 rpm for 15 min. The sample collected was used as enzyme source.
The protocols of van Rossum et al., (1997) , (Aebi, 1984) and Nakano & Asada (1981) were used for the determination of activity of superoxide dismutase (EC 1.15.1.1), catalase (CAT; EC 1.11.1.6) and ascorbate peroxidase (APX, 1.11.1.11).
Element analysis: Ground plant material was used for the estimation of Na + and K + , 200 mg of dried plant material (shoots and roots) was mixed with 20 ml of concentrated H2SO4 and perchloric acid on a hot plate for 2h. Solution was filtered through a filter paper into 50 mL volumetric flasks and volume makeup was done with distilled water. The concentrations of Na + and K + were measured using a flame photometer (model M7D).
Statistical analysis
The data was statistically analyzed by one-way ANOVA by SPSS 13.0. Multiple comparisons, separating means in homogeneous subgroups, were conducted using Tukey's post-hoc test.
Results and Discussion
Effect of salinity and salicylic acid application on fresh and dry mass: Salinity stress (125 mM) decreased the shoot FW by 44.79% and DW by 49.13% over control plants. Supplementation of SA (0.50 mM) to NaCl (125 mM) treated plants enhanced the FW and DW of shoot by 30.68% and 32.88% respectively as compared to NaCl alone treated plants. SA (0.75 mM) decreased the shoot FW and DW as compared to control ( Fig. 1A-B) .
Reduction in plant biomass yield by NaCl stress was also observed by Ahmad et al., (2015) in mustard, Ahmad et al., (2014) in mulberry, Rasool et al., (2013) in chickpea and Azooz et al., (2011) in broad bean. Mohamed and Shaddad (2013) also reported the negative effect of salinity on the growth and yield of wheat under high salinity stress. High salt concentration reduced shoot growth, probably because of increased osmotic pressure or sodium ion concentration within leaf cell cytoplasm. Sodium ions could be a toxicity factor that causes reduction in shoot dry weights (Pitann et al., 2013; Orsini et al., 2012) . Supplementation of SA enhanced the fresh and dry weight in the present study and the results confirm with the results of Iqbal et al., (2006) in wheat cultivars. Gunes et al., (2007) also observed that treatment of SA to maize plant showed higher dry weight than untreated plants grown under NaCl stress. Ma et al., (2017) also reported that supplementation of SA enhanced the growth and biomass yield in Dianthus superbus under NaCl stress. Effect of different salinity levels and exogenous SA application on H2O2, MDA content and EL: Salt stress enhanced H2O2, MDA content and EL at all stress levels as shown in Fig. 2A -C. The H2O2, MDA content and EL was increased by 2.54, 3.37 and 2.00 fold in NaCl (125 mM) treated plants in comparison to control plants. However, supplementation of SA (0.50 mM) to 125 mM NaCl treated plants declines the H2O2 content by 3.43 fold, MDA content by 1.80 fold and EL by 2.59 fold with respect to NaCl alone treated plants. The SA (0.75 mM) concentration elevates H2O2, MDA content and EL content more than NaCl treated plants alone.
The increased levels of H2O2, MDA content and EL validate the finding of Ahmad et al., (2015) in Brassica juncea. NaCl stress increased the accumulation of H2O2 was also reported by Zhang et al., (2014) in cotton Giannakoula and Ilias (2013) in tomato seedlings. The enhanced level of H2O2 might be due to decline in H2O2 scavenging activity (Senadheera et al., 2012) . It is believed that the H2O2 and MDA contents are the indicators of oxidative stress intensity in plants ( Ahmad et al., 2017a; Ahanger & Agarwal, 2017b) . Salinity causes membrane damage via membrane lipid peroxidation (Mishra & Choudhuri, 1999) and our results also demonstrated a positive correlation between membrane permeability and MDA concentration. Increased generation of H2O2 accelerates the Haber-Weiss reaction resulting in increased membrane damage. Ahmad et al., (2014) reported the elevated levels of MDA content under salt stress in mulberry thus enhancing electrolyte leakage. Saleem et al., (2011) and Li (2009) also reported synergestic effect of NaCl and MDA accumulation in Okra and tomato respectively. Supplementation of SA decreased the H2O2, MDA accumulation and also electrolyte leakage in the present study. SA acts as an antioxidant and helps in scavenging the ROS like H2O2 under NaCl stress (Ahmad et al., 2015) . Accumulation of antioxidants like SOD, CAT and APX also helps in decreasing accumulation of H2O2 and MDA by quenching of ROS thus minimized the peroxidation of membranes (Ahmad et al., 2015) and electrolyte leakage. Shen et al., (2014) suggested that SA acted as a signalling molecule and activated different defensive mechanisms in plants. MDA levels in Triticum aestivum decreased significantly in response to salicylic acid treatment, which supports the suggestion that salicylic acid treatment can ameliorate stressful conditions by increasing membrane stability in T. aestivum.
SA application improves the synthesis of proline, free amino acids, carbohydrate and protein: Fig. 3 represents the results related to proline, free amino acids, total carbohydrates and protein content. NaCl (125 mM) enhanced the proline content by 4.63 fold as compared to control plants. Further enhancement in proline content in NaCl treated plants by 1.81 fold and 5.12 fold was observed with 0.50 mM and 0.75 mM SA respectively (Fig. 3A) .
The higher NaCl content (125 mM) enhanced free amino acids, total carbohydrate and protein content by 9.44%, 39.61% and 7.91% respectively as compared to control (Fig. 3B-D) . Application of SA (0.50 mM) enhanced the free amino acids content by 19.87%, total carbohydrate by 38.72% and protein content by 22.51% over NaCl alone treated plants.
Accumulation of proline under salt stress has been observed in D. superbus ; Brassica juncea (Ahmad et al., 2015) and, Lens culinaris (Misra & Saxena, 2009 ). Proline enhancement in plants contributes to osmotic adjustment, maintains integrity of membranes (Misra & Saxena, 2009 ). Proline has having characteristics of antioxidants and helps in ROS quenching, thus mediates cell protection from oxidative damage (Jogaiah et al., 2013; Ahmad et al., 2010) . Aggarwal et al., (2012) reported that under NaCl stress proline played a role in energy storage i.e., C and N. The results related to enhanced levels of free amino acids in present study are consistent with the reports of Jaleel et al., (2008) , who have reported a varied accumulation of amino acid levels with different concentrations of NaCl stress. In this study, salicylic acid application mitigated the negative effects of NaCl toxicity on amino acid levels. In accordance with these observations, Palma et al., (2013) stated that salicylic acid application via spraying enhanced the activity of the photosynthetic apparatus and enzymes in beans. In wheat, the amino acid levels were suggested to increase with increasing salicylic acid concentration (Khan et al., 2013) . Enhanced carbohydrate content under salt stress has been observed by Yin et al., (2010) in Solanum lycopersicum. Hartzendorf & Rolletschek (2001) also reported that NaCl enhanced the carbohydrate content in Phragmites australis. Metabolism of carbohydrate is very sensitive to salinity stress (Oliver et al., 1998) .
Control as well as salt stressed plants when supplemented with SA significantly improved the accumulation of carbohydrates in the current study. Our observations are in accordance with the conclusions of Agamy et al., (2013) in tomato. Naureen & Naqvi (2010) reported that increased carbohydrate levels under salt stress could be suitable parameters for identifying salt-tolerant wheat plants. This increase in total carbohydrate levels is a mechanism of osmoregulation ( Siringam et al., 2012; Shaddad et al., 1990) , and is involved in protecting plants from oxidative stress and maintaining the structures of proteins and membranes as well (Hajihashemi et al., 2006) .
The soluble proteins show elevation at lower concentrations of NaCl but at higher concentrations (125 mM) it showed a decline, in the current study. However, application of SA enhanced the accumulation of proteins. Proteins have been explained to play a great role on osmotic adjustment (Ashraf & Harris, 2004) . Accumulated proteins acts as a storage form of nitrogen (Ahmad et al., 2015) .
Shoot and root Na
+ and K + and leaf necrosis: NaCl stress (125 mM) enhanced shoot Na + by 182.60% and root Na + by 1241.66% as compared to control plants. Supplementation of 0.50 mM SA decreased the accumulation of Na + by 26.15% in shoot and 14.90% in root as compared to NaCl alone treated plants (Table 1) .
Shoot K + was decreased by 3.60% and root K + by 22.66% with 125 mM NaCl (125 mM) as compared to control (Table 1) . SA (0.50 mM) enhanced shoot and root K + by 8.41% and 167.24% respectively as compared to NaCl alone treated plants. SA (0.75 mM) decreased the K + accumulation in both shoot and root under NaCl stress.
Excess accumulation of Na is considered to be toxic to plant growth while as K has an indispensable role in plant growth regulation due to its involvement in activities like protein synthesis, enzyme activation, osmoregulation etc. (Ahanger & Agarwal, 2017a; Ahanger et al., 2017) . Greater accumulation of K + leads to growth protection under stressful conditions by preventing oxidative damage to membranes and in the present study SA application improved the uptake and accumulation of K + probably by affecting the ion transport proteins involved in its uptake. SA prevented the excess accumulation of Na and mediated the exclusion and partitioning into less sensitive tissues like apoplast or vacuole thereby leading to mitigation of oxidative damage (Syeed et al., 2011) . SA mediates prevention of excess accumulation of Na in shoot tissues and protects the photosynthetic apparatus from any possible damage (Syeed et al., 2011) .
Low Na + concentration in shoots together with the reduced appearance of symptoms of foliage problems can be considered as relevant parameters for characterizing salt resistance as reflected from the results of present study (Eker et al., 2006) . (Saqib et al., 2005) has observed in wheat, accumulation of low Na + concentrations in the shoot contributed substantially to increase the fresh and dry weights of salt tolerant cultivars. In the present study, exogenous SA application significantly contributed to reduce Na + concentrations in the leaves to minimum possible for exploiting its beneficial role. Such positive influence of SA was obvious in reduced number of necrotic leaves possibly through reduced uptake of Na + (Fig. 4 and Table 1 ). Higher salinity treatment (125 mM NaCl) resulted in the development of specific necrotic symptoms on the old foliage. SA application at 0.5 mM protected leaves from the salinity induced necrosis and also resulted in development of healthier leaves under controlled conditions compared to control plants. However, at 0.75 mM SA, significant increment in the number of necrotic leaves was observed suggesting the concentrations to be toxic for wheat cultivar. Furthermore, salt stress, either alone or combined with high SA levels, increased the number of necrotic leaves by more than that of the non-saline-treated control particularly at 0.75 mM SA + 125 mM NaCl. Therefore, from the present investigation it could be inferred that lower Na + concentration in the shoots protect leaf development and impart salt tolerance in tissues as seen as reduced appearance of necrotic leaf spots in SA (0.5 mM) supplemented plants. 
Antioxidant-enzyme activities:
The activity of SOD, CAT and APX in relation to NaCl and SA supplementation are presented in Fig. 5A -C. SOD activity enhanced by 5.27 fold, CAT activity by 3.28 fold and APX activity by 7.63 fold in 125 mM NaCl treated plants as compared to control. Supplementation of SA further enhanced the SOD activity by 1.31 fold with 0.50 mM SA and 1.76 fold with 0.75 mM SA as compared to NaCl alone treated plants. CAT and APX activity was further enhanced by 1.77 fold and 2.12 fold with 0.50 mM NaCl respectively as compared to NaCl alone treated plants. SA (0.75 mM) increased CAT activity by 2.51 fold and APX activity by 2.22 fold with respect to NaCl alone treated plants (Fig. 5C-D) .
Increased antioxidant activity has been reported to impart protection to numerous plant species, such as Azolla (Masood et al., 2012) , Medicago truncatula (Mhadhbi et al., 2011) , broad bean and wheat (Mohamed & Shaddad, 2013) . Alscher et al., (2002) reported that increased ROS scavenging through increased activities of antioxidant enzymes improved salt tolerance in wheat. SA application improved salt stress tolerance through enhanced activities of antioxidant enzymes in the current study. These results corroborate with the findings of Ahmad et al., (2011) in Brassica juncea and Guo et al., (2007) in Oryza sativa. SA has been reported to induce activity of antioxidant enzymes under different stresses like, drought stress in zoysiagrass , chilling stress in maize (Janda et al., 1999) , heavy metal stress in rice (Mishra & Choudhuri, 1999) . SA induced enhancement in the activity of CAT and APX in wheat plants contributed to quick neutralization of H2O2 and hence protecting the membranes from the toxic effects of stress. SA mediated increase in CAT activity under salt stress has also been reported by Gengmao et al., (2014) . 
Conclusion
This study illustrates that NaCl stress has negative impact on the growth and physio-biochemical attributes of wheat seedlings. However, supplementation of salicylic acid improved the growth and development through the modulation of osmo-protectants and enhanced the activity of enzymatic antioxidant system (SOD, CAT and APX). SA also reduced the accumulation of H2O2, MDA and lowered the permeability of the membrane. SA also hampers the uptake of shoot and root Na+ ions and increases the K+ uptake. Therefore, it is quite evident that application of appropriate SA concentration can be considered as effective stress ameliorating strategy in wheat seedlings.
